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Introduction
Tungsten bronze involves a series of non-stoichiometric compounds with a chemical formula of M x WO 3 , where M stands for inserted cations such as NH 4 + , 1 alkali ions, 2, [3] [4] [5] [6] etc. In M x WO 3 system, both W 5+ (dark blue) and W 6+ (pale yellow) exist, 7, 8 and their ratio could be easily regulated by external stimuli, resulting in a dramatic transparence variation. Therefore, M x WO 3 is widely studied in electrochromic, 9 gasochromic 10 and photochromic 11 devices. Besides applications as optically-dynamic devices, M x WO 3 shows a relatively wide band gap of 2.62 eV and is transparent for visible light. At the same time, the high-dense free electrons donated by M cations endow this materials an outstanding NIR shielding ability due to the localized surface plasmon resonance and small-polaron absorption. 3, 12 This infrared shielding feature makes M x WO 3 highly competitive as transparent heat-insulating filter 13 for window glass and photothermal materials for cancer therapy. 14 In the application of photothermal cancer therapy, M x WO 3 is injected into tumors in a form of dispersion, and can thermally kill the cancer cells when being irradiated and heated by NIR laser. 14 As a transparent heat-insulating filter, M x WO 3 can selectively cut off the infrared light in the sunshine to depress indoor solar heat gain, while keeping a clear vision and good natural lighting condition, as showed in the illustration in Figure  1 . Therefore, M x WO 3 coatings on window glasses are expected not only to reduce air-cooling energy consumption, but also to improve living comforts of buildings and automobiles. In 2007, Takeda and Adachi prepared several M x WO 3 materials by a solid state reaction in H 2 (95%)-N 2 (5%) atmosphere at 800 °C . 3 The excellent NIR shielding ability was achieved in these system after milling, but the high-temperature process and the use of H 2 are energy consuming and potentially dangerous. 
Experimental

Preparation of Cs x WO 3
In a typical synthesis process, W powder, CsOH· H 2 O, H 2 WO 4 (molar ratio: 11/66/189) and LiCl-KCl eutectic mixture (molar ratio: 59/41) were manually ground in a mortar for 10 min. The molar ratio of raw materials and molten salt is 1:1.8. The mixture was then transferred into a mill jar and further milled under 300 rpm of 12 h using a planetary miller (QM-3SP2). Afterwards, the obtained mixed powers were transferred into an alumina crucible and heated at 400 °C for 2 h in air. The obtained solid product was then thoroughly washed with deionized water to remove the eutectic salt, and then dried at 60 °C overnight (sample-A). To obtain homogeneous Cs x WO 3 dispersion, deionized water, zirconia balls (ZrO 2 ) and the as-prepared Cs x WO 3 powders were mixed and underwent bead milling for 24 h. Afterwards, the Cs x WO 3 dispersion was mixed with an equal volume of a 8 wt.% aqueous solution of PVA (viscosity coefficient = 20, average molecular weight = 2099, serves as film-forming agent) to form a uniform coating ink. The ink was uniformly coated on silica glasses by a bar casting method and then dried at 70 °C for 10 min to fabricate Cs x WO 3 -PVA composite films. To highlight the benefits of molten salt synthesis, a control SSR experiment was also performed in air (sample-B) or N 2 (sample-C) atmosphere, with the same W, CsOH· H 2 O, H 2 WO 4 ratio and heating protocol but without addition of LiCl-KCl salt.
Characterization
The phase compositions of the samples were determined by X-ray diffraction (XRD) on a DX-2700 diffractometer (Cu Kα radiation, λ= 0.1542 nm). The surface composition and W chemical state of the samples were determined by X-ray photoelectron spectroscopy (XPS) with a Perkin-Elmer PHI 5600 X-ray photoelectron spectroscope using an Al Kα source. The binding energy of the XPS was calibrated by shifting the C1s peak to 284.5 eV. The morphology of samples were analyzed by a JEM-2100F field emission transmission electron microscope (FETEM) and selected area electron diffraction (SAED) images were obtained with an accelerating voltage of 200 kV. The number-based particle size distribution was analyzed by a laser diffraction particle size analyzer (Shimadzu SALD-7000). Thermal gravimetric analyses (TG) and differential scanning calorimetry (DSC) were recorded on a TGA/DSC 3+ HT/1600 instrument between 30 and 400 °C in N 2 at a heating rate of 10 °C/min. The thickness of the composite film can be controlled by changing casting times (increased by ~ 8 μm for each casting time). Optical properties of the obtained films were monitored on a Hitachi U-4100 UV-vis-NIR spectrophotometer in a wavelength range of 300-2500 nm.
Results and discussion
The phase compositions of sample-A, -B and -C were determined by XRD analyses, as shown in Figure 2a . Figure 3a shows the TG-DSC curves of the raw material of sample-A to describe the thermal behavior of this MSS system. A gradual weight loss of ~19 % was observed from room-temperature to 150 °C, accompanied by a broad endothermic peak. This weight loss should be attributed to the release of surface adsorbed water. 8 Between 150 ~ 220 °C, there are a 12 % weight loss and several sharp endothermic peaks, stemming from the loss of coordination water. 25 Above 220 °C , the weight of the system kept almost unchanged, but a dramatic and symmetric endothermic peak centered at 345 °C was detected. This endothermic peak should be ascribed to the melt process of the employed salt. In fact, the low eutectic melting point of the LiCl-KCl is 353 °C , but after the addition of other components, the real eutectic melting point of the reaction multi-composition system would further drop. 26 Based on the above analyses, a schematic illustration of this MSS process was extracted and displayed in Figure 3b . Firstly, all the raw materials and salts formed a solid mixture after grinding. During heating, the H 2 WO 4 firstly transformed into WO 3 by releasing its coordination water. 25 Afterwards, the salt melted into liquid and accelerated mass transport of the Cs 0.32 WO 3 formation reaction. Meanwhile, the melted salt also isolated precursors and/or products from air, protecting them from oxidization. Figure 3c shows the optical images of sample-A and -B before washing. It is obvious that the top surface of sample-A is covered by the molten salt. While the bottom of sample-A is dark blue, indicating the formation of Cs 0.32 WO 3 . 27 The yield of Cs 0.32 WO 3 is determined to be ~ 91.4 % by weight after washing, a high value if being aware of the loss of some product during washing. Different from sample-A, sample-B present a brown color highly alike the raw materials, suggesting the absence of blue-colored Cs 0.32 WO 3 . Figure 4a depicts TEM image of the as-prepared sample-A, which consists of quasi-rectangular microparticles. As functional filters of glass coatings, these micro-scaled particles are so large that serious light scattering will occur, making a clear across-glass vision impossible. By using a bead milling process, the micro-sized particles were comminuted into < 100 nm irregular nano-particles (Figure 4b ) with still high crystallinity degree (Figure 4c-d) . As further revealed by the particle size distribution curves in dispersion, the pristine Cs x WO 3 particles showed a large particle size distribution with an average particle size of 291 nm (d 50 ) (Figure 4e ). After milling, the particles became small and relatively homogenous in size (average particle size = 152 nm, Figure 4f ). The larger average particle sizes in the dispersion than the crystal sizes in TEM image (Figure 4b ) could be attributed to soft particle agglomeration. Figure 4g and 4h show the photographs of the as-prepared sample-A and its aqueous dispersion after bead milling, respectively. It is found that this dispersion is very stable within an observation period of 1 month, highly desired for the further coating process.
In order to determine the optical properties, transmittance spectra of a bare substrate (fused silica glass), and Cs x WO 3 -PVA coatings of sample-A, -B and C were collected in 300-2500 nm (Figure 5a , 37.7 wt.% Cs x WO 3 in the composite films). The bare fused silica glass and the PVA-coating glass were highly transparent (~92%) in all the measured range. For the Cs x WO 3 -PVA coating of sample-A, however, very different visible (54%) and NIR transparences (6%) were achieved. In other words, this sample can selectively cut off most of the NIR solar energy while keeping a significant visible transparence. When used as window coatings in hot climate, it is expected to depress the solar heat gain and cooling energy consumption of buildings or automobiles. On striking contrary, sample-B is transparent in both visible and NIR range, i.e., without any NIR shielding ability/heat-insulating properties. Under simulated solar radiation (R115 lamp, PHILIPS, 245 W), the temperature of the model house with bare glass increased to 40.8 °C after 30 min, which is 7 °C higher than the one with Cs x WO 3 -coated glass (33.8 °C , Figure 5f ). The much lower temperatures of the right room should be attributed to the excellent NIR shielding ability of the Cs x WO 3 -coated glass. This result suggests that the MSS-prepared Cs x WO 3 can be used as functional filters of energy-saving windows in hot climate.
Conclusions
In conclusion, pure phase Cs 0.32 WO 3 were synthesized at 400 °C in air by a molten salt synthesis method. It is found that the molten salt not only promoted the formation of crystalline Cs 0.32 WO 3 by accelerating mass transport process, but also prohibited oxidization of obtained Cs 0.32 WO 3 by isolating it from air. After casted onto glass substrates, the Cs 0.32 WO 3 coatings showed simultaneously a pronounced NIR shielding ability (e.g., cut off 94% of NIR light) and a high visible transmittance (e.g., 54%), very suitable for the application as solar control filters. Tested on model houses, a Cs 0.32 WO 3 coated glass can depressed the indoor temperature by 7 °C , evidently superior to the bare glass windows.
